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Ion Selective Electrodes
for

Basic Drugs

by

Larry Cunningham and Henry Freiser

Department of Chemistry
University of Arizons
Tucson, Arizona 85721

Summary ’

" Coated-wire ion—-selective electrodes based on dirongl-
rnaphthalene sulfonic acid (DNNS) are prepared for methadone,
methylamphetamine, cocaine, and protriptylire in protonated

form. In each set, nearly Nernstian :ezponses are obtained,™
while detection limits range from lﬂ—d.dﬁ for cocaine and
nethslanphetanine electrodes to 10“6.0ﬁ for methadone, and
10—6.Jﬂ for protriptyline electrodes. VSelectivity is found to

decrease in the order methadore, protriptyline, cocasine, and
methylamphetamine; results which are consistent with sdystematic
selectivity studies reported earlier for electrodes in this

family.




Introduction

Since the developnént of DNNS—-based poly({vinyl chlor-

ide) matrix membrane electrodes as sensors of high-molecular
weight cations, electrodes responsive to basic lipophilic drugs
(1,2) and to a variety of alkylammonium ions (3) were prepared.
In 8 recent systematic study of selectivity performed in this
laboratory (4), it was shown that certain factors in addition
to the number of carbon atoms of the cation affect the
selectivity displayed by DNNS-based electrodes. These factors
included dearee of nitrogen substitution, branching of the
hydrocarbon chains, and the number and type of hydrophilic
substituentsi parameters which control the extent to which the
analyte (or the interferent) will partition into the FVC
membrane.

/This paper describes the preparation and evaluation of
electrodes selective to nethédone, cocaine, protriptygline, and

methylamphetamine, These compounds were chosen because they are

protonated amines in the physiologic pH range, and are
representative of some important families of pharmaceuvticals !
-4$4qa+e~17;w;ethslanphetamine (MW = 150) a central nervous
system stimulant; protriptyline (MW = 263) an anti—-depressant;

methadone (MW = 310) a3 narcotic analgesic; and cocaine (MH =

303) 3 local anaesthetic.

N
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Experimental Section

Reagents.

Stock solutions of the drugs were made by dissolving
known amounts of the pure hydrochloride salts in 1072 M
PH 4.0 acetate buffer. Chromatographic arade Poly(vinyl-
chloride) was obtsined from Folysciences {(Warrinmgtorn, P3.) and

Dioctylphthalate from Eastman.

FPotentiometric Measurement System.

All EMF measurements were made with a previously described
Data General Nova 2/10 minicomputer system (4)., To zllow use of
up to five electrodes in sample volumes as small as 1.0 ml, the
following cell was constructed. A 3 mm hole was drilled in
the bottom of 3 10 ml vial, to which a Ag/AQCl electirode made
from two Fasteur pipettes was seasled with silicone rubber ce-
ment. Polyacrylamide impregnated with 0.1 M KCl and
0.1 M NHqNO3 was used for the - internal and externmal junc-

tions, respectively, A 1,000 ml. Mettler digital burette caspable

of adding 1,0 microliter increments was used for 311 titrations.

Electrode Preparation and Handling.

Coated-wire electrodes were used exclusively, and were pre-
pared a3s described previously (4). As hefore, the electrodes
were stored in 10"3 M solutions of the species to which

they were selective. During the course of calibration and/or




R o 20 S ey

selectivity measurements, the electrodes were tept in buffer

solution containing no primary ion,

made at 2%.0

0.1

0

C.

All measurements were
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Results and Discussion!

Nearly Nernstian résponses were obtained for 3ll electrodes
with excellent linearity (E vs. loa C) over ranges specified in
Table 1. The electrodes responded rapidly above a concentration
of 10_3, usually equilibrating within 30 seconds to one minute
after exposure to a3 new concentration. Eelow this level,
however, loneer times were required (2 ~ S minutes). For all
electraodes, “equilibrium" was assumed when drift was less than

0.4 mV/minute, though at the higher concentrations drift of only

0.1 mV/minute was commonplace.

oy)

+J

in Table 2. As expected from earlier studies and by inspection

Selectivity coefficients are reported as Log(kg

of structures for the drugs (Figure 1), selectivity decreased in
the order methadone, protriptyline, cocaine, methylamphetamine,
The very hieh selectivity of the methadone and protriptyline
electrodes over cocaine and methylamphetamine precluded the
precise determination of selectivity coefficients for the
smaller amines. In fact, interference from methylamphetamine was
so nealigible that no changes in EMF readings for methadorne and
protriptyline electrodes could be attributed to its presence.
The concentrations of primary and interferine ion are reported
becauvse the selectivity coefficients varied with each of these
values.

It was observed that the detection limits obtained depended

orn the primary ion. This was not apparent from earlier studies,
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becauvse primary ions did not vary in molecular weight or
structure to the same extent ss those used here. The calibration
curve shown in Figure 2 for 8 set of five protriptyline
electrodes indicates that detection limits of 10-6.5ﬂ are
obtainable. For methadone, slightly higher detection limits
were realized (10—6n), and for the cocaine and
nethslanphezagine electrodes, detection limits were even
higher (lo-d.dﬁ).

Calibration curves for the individual electrodes were found
to be reasonably reproducible frog day to day provided that
the electrodes were soaked in io_gﬁ PH 4.0 acetate buffer be-
tween calibrations (Table 1). After exposure to strona
interferences, however, the calibration curves shifted by
several millivolts so that any further measurements would result
in erroneously high resuwlts. The original response was
restored by storing the electrodes in‘lonaﬁ primary ion
followed by soaking overnight in the buffer solution.

Electrodes prepared five months aqo are still furnctioning

normally.




Conclusions

Sternson et. 31.(5) reported methadone coated wire

electrodes in an earlier paper using PUC impreanated with

dioctylphthalate as the membrane material. Though Nernstian
"'600
responses to methadone with detection limits of 10 M alang

K
g

with high selectivity towards inoreanic cations was achieved,

selectivity among other high molecular weight cations was poor,
For DNNS-based electrodes, selectivity iricreases with analygte
lipophilicity, The k.‘i’°*: values obtained for methadorne and

2 J
protriptyline with respect to cocaine and methylamphetamine

attest to this. A larger increase in selectivity is seen for
protriptyline over cocaine tham for methadone over
protriptyline, even though the carborn numbers in each pair
differ by only 2. This is understandable from the lower
distribution constant of cocaine arising from the two
carboxylate substituents a3s well as to the lower degree of
substitution of nitrogen inm protriptyline. Distribution
constants of the drugs in theif hydrochloride form for the
octanol/water system were calculated by the method of Hansch et
al. (6), in which an overall Log KD value for a3 compound

in a3 given solvent system is the sum of individual contributions

from its molecular fragments. These values increased in the

e mminaa e -

order methylamphetamine (-1.61), cocaine (0.80), methadone

rat ..

(1.37), protriptyline (1.46). Since the contributions (or

fragment constants) are derived from experiment, small errors
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can arise with these calculations either from vnanticipated
molecular interactions 6r to lack of sufficient experimental
data for 3 qiven fragment. The latter reason is apparently the
case for the methadone/protriptyline pair, since the calculated
KD value for protriptyline is slightly higher than that for
methadone yet the methadone electrodes displaved greater
selectivity. As pointed out by Hansch and Leo (4, p 41)
additional data is reeded for large fused ring systems bearirg a
positive nitrogen. Even so, the high selectivity of both of
these electrodes over methylamphetamine and cocaine is
accurately reflected by the larqge difference in the distribution
constants.,

Interference from drug metabolites can 3lso be predicted
from their structures. Methylamphetamine does not underqo
extensive metabolism and is excreted uncharged (7). Cocaine,
however, is rapidly converted to methylecognine through
hydrolysis of the benzoyl aroup (8). This represents s
decrease in carbomn number of seven, which, based on calculated
Log K, values, indicates that methylecognine will not be a
significant interferent (calculated Log KD = 0,80 for
cocairne and -1.64 for methylecoanine)., Frotriptyline is
N-demethylated (28) and as inferred by previous work (4), this
compound would be expected to be 38 major interferent. Methadore
is also N-demethylated, but then cyclizes to form
2-ethyl-1,5-dinethyl-3,3-diphenyl-1-pyrroline (?). Although

this is a quaternary ammonium compound it would probably cause

e et i ———————————




4
significant interference as predicted by its its relatively high
calculated Log KD value of 2.13., Preparation of electrodes
selective to these inteffering metabolites which would not
respond significantly to the parent drug would be one approach
for monitorine metabolism of these substances. Since both
species are often a8t appreciable levels in urine samples,
depending wpon the individwal drue and others which have been
ingested (10), each compound must be analysed simultaneously,
With DNNS electrodes, no interference is possible from
inorganic cations even at 10,000 fold excess concentratiorn,
Following administration, extremly low levels of drugs are
found in serum and urine samples (Table 3), In Table 4, the
detection limits of these electrodes are compared to several
alternative methods applicable to clinical samples. It should be
pointed out that for most of these methods, the reported values
were attained only after sample pretreatment methods such as
derivitization or preconcentration, whereas those for the
potentiometric ISE method involved none of these. With
preconcentration, the detection 1limit of a potentiometric
procedure may equal or surpass that of the EMIT technique, The
time and cost of an analysis using coated-wire electrodes should
be substantially reduced. In addition, the electrodes are more
than sufficiently sensitive and reproducible for anslysis of
pharmaceutical preparations, The drugs studied here represent
only a fraction of those for which electrodes may be fabricated.

Others may easily be made 8s rneeded by adding the compound of
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interest as the primary ion in the polymer membrane solution. ;
Selectivity characteristics are then predicted as described
earlier or may be determined experimentally if certain
interferences are suspected.,

It was interesting to note that the electrode of hiaghest
selectivity (methadone) did not have the lowest detection limit
(protriptyline) « This supports the contention that selectivity
is determined primarily by the partition coefficient of the
protonated amine, whereas detection limit is determined by
solubility of the DNNS-ammonium ion-pair. This suggests that
electrodes with lower detection limits could result by using a
ligand which can form a more water-insoluble salt with the
analyte than can DNNS, or by covalently attaching a3 ligand to
the polymer backbone. Initial studies on ionic polymers in this

laboratory (11) have shown promise for this latter spproach.
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Iable }

Response Charscteristics of Copated Wire Electrodes
"for Basic Drugs

Slope Y-int Linear Detection
(mV/Log C) (nV) Range Limit
-3 -5 -5.9
Methylamphetamine S8.64 282 10 -10 M 10 M
a 3 T
67 4
b b
+ 98 2
-3 -5 -5.5
Cocaine 59.54 504 10 -10 #® 10 M
3 a
+83 S
b b
+40 2
_3 -5 _600
Methadone S8.08 398 10 -10 M 19 M
2 £}
1,78 22
b b
+84 4
-3 -5 -6.5
Frotriptyline 98.50 475 10 -10 M 10 M
a a
74 11
b b
+80 3

a8 standard deviation amonq several electrodes

b standard deviation amone individual electrodes

-3

c 10 M was highest concentration tested

-*ﬁvr s _ e )
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Table 2.

Summary of Selectivity Characteristics for Various

Coated~-Kire Ion

Selective Electrodes

{Log k?°§ values)
1y 4
Electrode! Methyl- Methadone Cocsine Protriptsline
amphetamine
J-ions
2 2
Methyl~ 1
amphetamine! —-———=- < -4 -60 L -4
1 1 1
Methadone: 2,41 @0 mm—e——— 1.79 0.40
1 1 1
Cocaine? 0.54 -1.26 -~mm=——= -1.78
Frotrip- 1 1 b
t‘jlirle: 2.16 -0.67 1.7 e
-3
1) (primary ion) = (interferent) = 10 M
-4 -3
2) (primary ion) = 10 ¢+ (interferent) = 10 M

L et amaa teeese o




Table 3

Concentration of Drugs of Interest in Flasma following

Therapeutic Doses

Drug Dose Flasma Level ref.,
6.2
Cocaine oral! 2 mg/kq 200 na/ml (10 M) 12,13
-5
nasali15-150 me 2-25 uva/mnl (1-8x10 M) 14
-7
Methyl- 10 me 20 ng/ml (1.3x10 M) 15
amphetanine
~7
Methadone 1 ma/ka-day 100-400 nQ/ml (3x10 M) 16
l -7
Protriptgline 2-3 ma/ka-~day S50-200 na/ml (2x10 M)

et e AT et e -




Table 4

Detection Limits for Various Assay Procedures
for Serum and Urine

(reported as na/ml)

rotriptyline Methadore Cocaine Methslamphetanine

i a3 a,h

GLC 10 (18) S (22) 200 (25) 2 (29)
GC-MS S (19) S (16) 2 (26) 0.5 (30)

3 Q e,b

F HFLC 10 (20) ——— 100 (27) 2 (31)
RIA 10f (21) ld (23) 2 (28) 0.5 (32)
EMIT - S500¢24) 1000 <(24) 2000(24)
ISEc 85 350 1000 S00
a— FID vsed

p- b- UV detector used

: c- a3ll 1 ml samples, no preconcentration

r d- stereospecific for d and 1 isomers

E v e- preceeded by derivitization with E-Napthoquinone-4-sulfonate

f~ poor specificity with respect to other tricyclic
anti-depressants

qg- protriptyline was internal standard for analysis of other
tricyclic anti-depressants

h—- cocaine and metabolites extracted, propylated, and
back-extracted

i- Nitrogen detector used

o Y 0 b ¢
DA Y R )
- M‘(..M.—»u < - -




Legends for figures

Figqure 1. Structures of basic druas

Figure 2, (FPotential vs. Aa/AaCl) vs. Log (protriptygline)
for five different protriptyline electrodes.




" Cocaine HC}

3 p -
CHi(IH- H§CH3 C1

Methylamphetamine HC1

49s

G- (CH,) ,-FH,-cH, C1

Protriptyline HCl

0.

CH,-CH -C-C-CH2CH-N(CH ), c’

Methadone HC1

\\
e
—




i
(o] _n.u»
¢ ® B 6
) Mme B8
¢ WO B
¢ OB
¢ neoB8 o
¢ ndeB nw
@ ndes
) nde
') N®8s
) wee |
o Me 8 f
o o Q 7 2 =
ot ] ~ bl - -
~N - - - - -







